Background: Human Streptococcus suis endocarditis occurs infrequently and continues to be a serious illness with high mortality. However, knowledge of the echocardiographic features and clinical outcome of this disease remains unclear. Methods: One hundred and fourteen patients were identified in a prospective study, and hospitalized at Queen Sirikit Heart Center and Srinagarind Hospital, Khon Kaen University. Echocardiography was routinely performed in all patients. Results: Between January 2010 and December 2011, three cases of S. suis endocarditis were diagnosed. All cases were male and aged 27-53 years. The most common risk factor for contracting S. suis infection was eating undercooked pork. Three patients presented with congestive heart failure. Transthoracic echocardiography demonstrated large, highly mobile vegetations and severe valvular damage. Aortic valve involvement was documented in two patients, and mitral valve involvement in one. One patient presented with embolic stroke and one with arterial occlusion. All patients underwent urgent valve replacement with a good clinical outcome. Conclusion: The echocardiographic features of S. suis endocarditis show destructive, extensive valvular damage and early embolization with a fulminant course, needing early surgical intervention with a good clinical outcome.
Introduction
Streptococcus suis is an emerging zoonotic pathogen, causing invasive infection in humans who have close contact with infected pigs or contaminated porkderived products. 1, 2 The rapid and destructive progression of this pathogen causes valvular damage and consequent congestive heart failure. Transthoracic echocardiography with color flow Doppler imaging has become an important tool for confirming the clinical diagnosis of infective endocarditis and determine the extent of cardiac lesions, and provides accurate and detailed evaluation of the anatomic and physiologic features of infective endocarditis. [3] [4] [5] The purpose of this study was to examine the echocardiographic features and clinical outcome of S. suis endocarditis.
Materials and Methods
A prospective study of the etiology and characteristics of infective endocarditis at Srinagarind Hospital and Queen Sirikit Heart Center, Khon Kaen University, was performed between January 2010 and December 2011. One hundred and fourteen patients were identified to have a clinical diagnosis of infective endocarditis using Duke criteria. 6 Transthoracic echocardiography was performed in all patients, using previously reported techniques. 7 The hallmark lesions of infective endocarditis are vegetations occurring on the valves, which can occasionally occur at unusual sites where the endocardium has been disrupted by abnormal flow. All patients also underwent color flow Doppler and hemodynamic assessment. The study was approved by the appropriate ethics committee. All patients gave written informed consent to participate in the study.
Results
Three cases of S. suis endocarditis were diagnosed. The age at echocardiographic diagnosis of infective endocarditis was 27-53 years. The indications for referral included evaluation of fever, infective endocarditis with congestive heart failure, and need for surgical intervention.
Case 1
A 27-year-old man was admitted to a Northeast provincial hospital having had malaise, fever, night sweats, weight loss, and progressive dyspnea for a month.
He was otherwise in good health and had no known heart disease. He was referred to Srinagarind Hospital for evaluation of fever with heart failure. On physical examination, his blood pressure was 80/60 mmHg, and he had a grade 4/6 diastolic murmur of aortic regurgitation, with orthopnea and dyspnea. No signs of meningitis were noted. Laboratory investigations showed ischemic hepatitis and acute kidney injury. The chest x-ray revealed cardiomegaly and pulmonary edema. Six sets of blood cultures were taken and the results were negative. Transthoracic echocardiography showed that the aortic valve had a large mobile vegetation and perforation of the valve cusps, while color flow Doppler demonstrated severe aortic regurgitation (Fig. 1) . The patient was treated with a beta-lactam antibiotic but his severe congestive heart failure did not improve. The patient underwent urgent aortic valve replacement. The perioperative period was uneventful, with continuation of the same antibiotics for 4 weeks after surgery. The serology and valve tissue sent for molecular analysis was positive for S. suis serotype 2 by serotype-specific polymerase chain reaction.
Case 2
A 53-year-old man presented to the clinic, having had fever and fatigue for a month. One week before admission he had had dyspnea and orthopnea, and had developed left hemiplegia. On physical examination, his blood pressure was 87/57 mmHg, and he had atrial fibrillation, dyspnea, and orthopnea, but no signs of meningitis. He had a murmur of mitral regurgitation at the apex. Crepitations were heard in both lung fields. A chest x-ray revealed cardiomegaly and pulmonary congestion. vegetations on the anterior mitral valve leaflet with severe mitral regurgitation (Fig. 2) . The patient was treated with ceftriaxone but remained in a state of cardiogenic shock. He underwent urgent mitral valve replacement. The perioperative period was uneventful, with continuation of the same antibiotics for 4 weeks after surgery. The serology and valve tissue sent for molecular analysis was positive for S. suis serotype 2 by serotype-specific polymerase chain reaction.
Case 3
A 52-year-old man presented to the clinic, having had fever and fatigue for 3 months. Two weeks before admission, he had developed dyspnea on exertion, orthopnea, and a painful left foot. On physical examination, all vital signs were normal. He was dyspneic, orthopneic, and mildly pale. Ecchymoses of the distal left foot were observed, with an absent dorsalis pedis pulse. A diastolic blowing murmur was demonstrated at the left parasternal border. No signs of meningitis were noted. Three sets of blood cultures grew S. suis. Transthoracic echocardiography showed large vegetations on the aortic valve ( Fig. 3 ) with a mycotic aneurysm at the atrial surface of the anterior mitral leaflet (Fig. 4) . Color flow Doppler demonstrated severe aortic regurgitation and moderate mitral regurgitation. The patient underwent urgent aortic and mitral valve replacement and recovered uneventfully.
Echocardiographic findings
Vegetative lesions using transthoracic echocardiography demonstrated significant valvular regurgitation and severely damaged valves in all three cases. Aortic valve vegetations were found in two cases and in one case in the mitral valve position. All cases showed large, highly mobile vegetations. A mycotic aneurysm involving an anterior mitral leaflet was found in one of the cases; this aneurysm occurred in association with infective endocarditis of the aortic valve. The mechanism of its formation was severely destructive to the aortic valve resulting in an aortic regurgitation jet striking the anterior mitral leaflet of the mitral valve, creating a secondary site of infection leading to development of an aneurysm. 8 
Surgical findings
In this study, all three patients with S. suis endocarditis underwent urgent surgical intervention due to large, mobile vegetations with severe valvular damage, having progressed to congestive heart failure and cardiogenic shock. The surgical findings were in agreement with the transthoracic echocardiography and Doppler echocardiography assessments.
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Clinical outcome
All three of these patients with S. suis endocarditis underwent surgery, with the perioperative period being uneventful. None of the patients died after surgery or during the follow-up period.
Discussion
S. suis endocarditis is an infective process which occurs infrequently in humans (mostly involving meningitis). [9] [10] [11] [12] It is associated with significant, severe valvular damage, often causing congestive heart failure and cardiogenic shock, needing urgent cardiac surgery. Even though our study deals with a small series of patients, to our knowledge, this is the most extensive description of the echocardiographic features of S. suis endocarditis. The high resolution of transthoracic echocardiography allows accurate diagnosis of this infrequent disease. Accurate detection of valvular vegetations and damage using Doppler hemodynamic assessment is also possible. Preoperative catheterization and transesophageal echocardiography were deemed unnecessary due to good imaging from transthoracic echocardiography in all three patients. All of the findings gleaned from echocardiography were confirmed at surgery.
A likely explanation for fulminant life-threatening S. suis endocarditis in humans is S. suis serotype 2, which has a series of potential virulence factors, including capsular polysaccharide, extracellular protein factor, muramidase-released protein, suilysin, several adhesions, [13] [14] [15] [16] and subsequent severe destruction of the valves. The portal of entry of the organism in all patients might have been eating raw pork, which is the most common risk factor in this region. We describe the first reported cases showing the echocardiographic features of S. suis endocarditis showing the destructive, extensive valvular damage and a fulminant course, with early embolization needing urgent surgery.
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